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ABSTMCT 

A study of t h e  e f f e c t  of head-to-foot ac- 
c e l e r a t i o n s  of up t o  10 g on r a b b i t s  i s  reported.  
The changes i n  t h e  electrocardiogram, electroen-  
cephalogram, electroret inogram, f r ac t iona t ion  of 
serum p ro te in ,  eyeground and h is to logy  of t he  , 

bra in  and t h e  i n t e r n a l  organs during accelera-  
t i o n s  l a s t i n g  from 20-30 min are observed. On 
t h e  b a s i s  of an ana lys i s  of t hese  da t a ,  ischemic 
condi t ions,  presumably of c e n t r a l  o r ig in ,  i n  
c e r t a i n  organs and congestion of blood i n  t h e  
abdominal organs are demonstrated. 

1. In t roduct ion  

(Motohayashi and Ando) _ . .  
Inves t iga t ion  of t h e  e f f e c t  of high g rav i ty  on a l i v i n g  organism w a s  /55* 

begun i n  t h i s  labora tory  two years  ago. 
preliminary,  bu t  are reported t o  i n v i t e  cr i t ic ism and suggest ions concerning 
t h e  procedures o r  any o the r  aspects .  

The r e s u l t s  obtained t o  d a t e  are only 

*Numbers given i n  the margin i n d i c a t e  paginat ion i n  o r i g i n a l  fore ign  t e x t .  



Various f i e l d s  of s p e c i a l i z a t i o n  are represented:  b ra in ,  nerves ,  sense  
organs, conditioned r e f l e x e s ,  h e a r t ,  c i r c u l a t o r y  system, body f l u i d  r egu la t ion ,  
biocl imatologic  change, metabolism, embryology, experimental  psychology, and 
o thers .  Among t h e  researchers  are those  q u a l i f i e d  i n  physiology, biochemistry,  
his topathology,  and experimental  psychology. 

One researcher  may be examining t h e  mechanism of card iac  con t r ac t ions  by 
. t h e  use of e l ec t rophys io log ica l  procedures and another  s tudying t h e  f a c t o r s  

in f luenc ing  embryological development, using h i s topa tho log ica l  procedures. 
The present  plan is f o r  each researcher  t o  o f f e r  two t o  t h r e e  proposals  t o  
t h i s  labora tory  and t o  a t t e m p t  t o  so lve  any problems which arise by appl ica-  
t i o n  of h i s  spec ia l i zed  knowledge and techniques of h i s  f i e l d  t o  t h e  s tudy  of 
these  problems (as  w e l l  as t o  pursue h i s  own spec ia l i zed  work). 

The purpose of t h i s  procedure is  t o  p e r m i t  more accura te  and r e l i a b l e  
examination of a problem by examination of a l l  i t s  aspec ts  by q u a l i f i e d  per-  
sons,  r a t h e r  than a n a l y s i s  of i nd iv idua l  aspects. For example, when a 
phenomenon such as change i n  ca rd iac  cont rac t ion ,  r e s p i r a t o r y  rate o r  elec- 
trocardiogram p a t t e r n  i s  observed, a t o t a l  phys io logica l  ana lys i s  can be 
performed, y i e ld ing  s i g n i f i c a n t  da t a .  

This  approach i s  necessa r i ly  one of t h e  b a s i c  a t t i t u d e s  of research  
i n  our labora tory .  Although var ious  d i f f i c u l t i e s  a rose ,  t h e  dec i s ion  w a s  
made t o  a t t e m p t  an experimental  execution of t h i s  procedure. /56 

To t r a i n  t h e  persons involved i n  t h e  var ious  types of research  i n  t h e  
modes of opera t ion  and ana lys i s ,  an in t roductory  po in t  of view became t h e  
s t a r t i n g  po in t  of our p ro jec t .  This  i s  t h e  f i r s t  r epor t .  

2. Experimental Methods 

(Motohayashi and Ando) 

Detai led procedures are descr ibed i n  each chapter ,  The summary is  as 
follows : 

b i t s ,  weighing 2.5-4.0 kg. 

problems dea l ing  wi th  ac- 
n loads ,  w e  used a cen- 
acce le ra t ion  apparatus  
i n  t h i s  labora tory .  The 
r ad ius  of t h e  cen t r i fuge  
n t e r  po in t  where t h e  animal 

w a s  120 em. The maximum 
c e l e r a t i o n  was  30 g .  

For f i x a t i o n  of t h e  animal, t h e  
thorax  and t h e  fou r  l e g s  of t h e  r a b b i t  
were placed i n s i d e  a m e t a l  cy l inde r  

, 

t' 

Fig. 1. Centr i fuge apparatus  €or  
animal experiments 
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with the  neck and thorax i n  a support  l i n e d  with spongy,synthetic resin. 

Cent r i fuga l  acce le ra t ion  w a s  appl ied mostly i n  t h e  head- ta i l  d i r ec t ion ;  
t h e  process is  shown i n  f i g s .  4 and 5. 
within 4-5 sec., and w a s  maintained according t o  our requirements f o r  dura- 
t i o n  of 10 and 20 min i n  some cases, o r  u n t i l  dea th  occurred. 

The s i z e  of t h e  load reached 10 g 

3 .  Electrocardiology 

(Yamada, Okajima, Hori, and Muraki) 

(1) Purpose and Procedures. The changes caused by acce le ra t ion  appl ied 
t o  a l i v i n g  organism, e spec ia l ly  t h e  e f f e c t s  on t h e  c i r c u l a t o r y  system, w i l l  
be discussed from t h e  poin t  of view of e lectrocardiography.  

Using 2 r a b b i t s ,  i n  weight about 3 kg each, needle  e lec t rodes  were at- 
tached t o  each l e g  and t o  a wireless telemeter (model 4 3 2 1 ,  manufactured by 
Mitsubishi Denki); recordings were made with an electrometer  (model RM-150, 
manufactured by Nihon Koden). 
photographing t h e  f i r s t  and second waves; t h e  recorder  speed w a s  2 . 5  cm/sec 
with occasional  increases  t o  5 cm when v a r i a t i o n s  appeared. The head of t h e  
r a b b i t  w a s  placed a t  t h e  c e n t r i p e t a l  s i d e  of t h e  cent r i fuge  and t h e  t a i l  a t  
t h e  cen t r i fuga l  s ide .  
a f t e r  r o t a t i o n  s t a r t e d ,  and r o t a t i o n  w a s  continued maintaining t h e  10 g load. 
Electrocardiograms w e r e  taken continuously,  s t a r t i n g  immediately before  ro ta -  
t i o n ,  throughout t h e  dura t ion  of cent r i fuga t ion .  Rotat ion w a s  stopped when 
card iac  cont rac t ion  ceased, i .e. ,  when death w a s  recognized: 25 min 30 sec 
i n  t h e  f i r s t  case, and 32 min i n  t h e  second case. 

The recordings w e r e  made by simultaneously 

The acce le ra t ion  load reached 10  g wi th in  4-5 sec 

(2) Resul ts .  I n  t h e  f i r s t  case,  as shown i n  f i g .  2,  r egu la r  s inus  
pulses  w e r e  observed with a card iac  cont rac t ion  rate of 198 min before  . &7- 
r o t a t i o n ,  and no abnormality i n  t h e  ST junc t ion  w a s  noted. 

Two minutes a f t e r  r o t a t i o n  s t a r t e d ,  t h e  ca rd iac  cont rac t ion  rate in- 

Af te r  3 min, t h e  
creased t o  297/min, t h e  he ight  of t h e  QRS wave gradual ly  decl ined,  and a 
lowering of t h e  ST junc t ion  w a s  seen f o r  t h e  f i r s t  t i m e .  
ca rd iac  cont rac t ion  rate returned t o  194/min, t h e  rate observed p r i o r  t o  cen- 
t r i f u g a t i o n ,  but  s inus  arrhythmia became marked. The ST junc t ion  f u r t h e r  
decreased, and i n  some places  
n izable .  

lowering of ST segments became c l e a r l y  recog- 

Furthermore, ex t r a sys to l e s  were observed sporadica l ly .  Af te r  10 min, 
s inus  pu l sa t ion  became regular  and t h e  pulse  rate increased,  240/min. The 
height  of t h e  P wave increased and sharp peaks w e r e  found. 
although t h e  pulse  rate w a s  207lmin and regular ,  t h e  P waves were negat ive  
i n  both f i r s t  and second induct ions,  and t h e  ST segments sagged and w e r e  
markedly lowered. T waves, the re fo re ,  exhibi ted both a negat ive and p o s i t i v e  
nature .  
versed and t h e  T waves became level. 

Af te r  15 min, 

Af te r  1 7  min, t h e  pulse  rate w a s  193/mm and regular ,  P waves re- 
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Figure 2 

Pulse  Wave p a t t e r n  
T i m e  ra te  Pu l sa t ion  Remarks 

(min sec)  (per  min) 1st induct ion 2nd induct ion 

Cbef &re s i n u s  
r o t a t i o n  198 pulsat ion 

r egu la r  

I' 1' 297 

3' 194 s i n u s  
arrhythmia 

10 ' 

15 ' 

17' 

18 ' 

18 ' 10'' 

18 ' 30'' 

240 

207 

193 

230 

s inus  
pu l sa t ion  
r egu la r  

s inus  
pu l sa t ion  
r egu la r  

s inus  
pu l sa t ion  
r egu la r  

s i n u s  
arrhythmia 

30-60 s i n u s  
pu l sa t ion  
decreased 

60 aur  i c u l e r  
pu l sa t ion  
ceased, 
v e n t r i c u l a r  
self-move- 
ment 

ST normal 4- 
JP- + QRS height  re- 

duced, ST J 
decreased 

'4- Jb- s inus  arrhythmia 
marked, ST J 
lowered i n  
p l aces ,  ST seg- 
ments lowered, 
Sporadic ex- 
t r a s y s t o l e  
occurred 

P wave began t o  
show sharp peaks, 
s inus  arrhythmia 
disappeared 

P wave changed 
t o  negative, ST 
seg lowering 
marked 

T wave became L L f l a t  

P wave height  
reduced, ST seg 
sagged, T wave 
reversed 

4.J- 

Same as above 

A h 

spasms (Adams- 
Stokes a t t a c k )  
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Pulse Wave pattern 
Time rate Pulsation. Remarks 

(min sec) (per min) 1st induction 2nd induktion 

I9 ' ventricular 
self-move- 
ment 

ventricular 
groups with 
Q waves 

-Ji & 

22 ' 

23 

frequent 
ventricular 
pulsations 
began 

sr/\ 20 261 ventricular 
pulsations 
frequent 

auricular wave - 
like pattern 
appeared 

285 ventricular 
pulsations 
frequent 

125 sinus 
arrhythmia 

ventricular 
pulsation 
disappeared; 
sinus pulsation 
reappeared; 
alternate elee- 
trical pulses 

Fig. 2. Changes in Electrocardiograms of the Rabbit during Centrifugation 

Two minutes after rotation started, the cardiac contraction rate increased to 
297/min, the height of the QRS wave gradually declined, and a lowering of the 
ST junction was seen for the first time. After 3 min, the cardiac contraction 
rate returned to 194/min, the rate observed prior to centrifugation, but sinus 
arrhythmia became marked. The ST junction further decreased, and in some 
places a lowering of ST segments became clearly recognizable. 
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After  18 min, t h e  pu l se  rate w a s  230/min and resembled s i n u s  arrhythmia, 
P wave he igh t  w a s  reduced, ST segments became lowered, and T waves became /58 
almost negative.  A f t e r  18 min 10 sec, spasms occurred suddenly (assumed t o  b e  
Adams-Stokes a t t a c k s  )and  s i n u s  pu l sa t ion  w a s  as slow as 30-60/min, resembl- 
i n g  s i n u s  arrhythmia. However, wave p a t t e r n s  of t h e  QRS group w e r e  t h e  s a m e  
as those observed a t  18 min. Af te r  18 rnin 30 sec, a u r i c u l a r  waves disappeared 
and v e n t r i c u l a r  self-movement occurred; simultaneously,  ST increased i n  t h e  
f i r s t  induct ion,  and t h e  T wave became level i n  t h e  second induction. After 
19 min, v e n t r i c u l a r  group waves began t o  accompany comparatively wide Q waves; 
i n  t h e  f i r s t  induct ion ST climbed, i n  t h e  second induct ion ST sagged. A t  20 
min, t h e  pulse  rate was 261/min of f a s t  v e n t r i c u l a r  pulses .  The v e n t r i c u l a r  
group exh ib i t ed  a wave p a t t e r n  t h a t  seemed t o  be continuous from QS waves and 
moved t o  t h e  p o s i t i v e  T wave. A t  22 min, a node w a s  made i n  t h e  p o s i t i v e  T 
wave, which changed i n t o  a wave p a t t e r n  t h a t  resembled a u r i c u l a r  waves. A t  
23 min, the f a s t  v e n t r i c u l a r  pu l se s  disappeared, and t h e  s inus  p u l s e  resumed, 
but t h e  pu l se  rate was 125/min showing s i n u s  arrhythmia and i n  p a r t  an alter-  
n a t e  electrical  pulse.  A t  25 min 30 sec death of t h e  animal w a s  recognized 
on t h e  electrocardiogram, and t h e  experiment w a s  terminated by c u t t i n g  o f f  
t h e  electric source of t h e  centr i fuge.  

I n  t h e  second case, as shown i n  f i g u r e  3, s i n u s  arrhythmia w a s  a l ready 
The pu l se  rate w a s  92/min, t h e  PQ t i m e  s t r e t c h  

/59 
marked even before  r o t a t i o n .  
w a s  0.08 sec and no dev ia t ion  w a s  found i n  ST. 
rate w a s  as high as 143/min, and t h e  P wave w a s  found t o  change t o  sharp 
peaks, both i n  t h e  f i r s t  and second inductions.  Af t e r  5 min, sag of t h e  ST 
junc t ion  w a s  f i r s t  no t iced  i n  t h e  f i r s t  induct ion,  and a t  7 min, spasm con- 
t inued f o r  about 30 sec, c l e a r l y  ind ica t ed  on t h e  electromyogram,and no clear 
v e n t r i c u l a r  group w a s  found. It w a s  assumed t h a t  v e n t r i c u l a r  con t r ac t ion  had 
temporarily stopped. 

Af te r  2 min, t h e  pu l se  

A t  8 min, no a u r i c u l a r  waves were found, t h e  pu l se  rate became as low 
as 30-60 min, and i t  w a s  considered t o  be v e n t r i c u l a r  self-movement. ST seg- 
ments began t o  sag  s l i g h t l y .  A t  8 min 30 sec, s i n u s  pu l sa t ions  resumed with 
a pulse  rate of 95/min, and it  seemed as though condi t ions had returned t o  
those observed before  cen t r i fuga t ion .  However, at 10 min, t h e  pu l se  rate w a s  
65-100/min,typical of arrhythmia, and again no a u r i c u l a r  waves w e r e  found, 
but  v e n t r i c u l a r  self-movement w a s  observed. QRS t i m e  w a s  s t r e t c h e d  t o  0.10 
sec and t h e r e  w a s  an unusual pu l se  pa t t e rn .  A t  10 min 30 sec, t h e  r e g u l a r  
s inus  pu l sa t ion  resumed, bu t  a s l i g h t  extent ion (0.12 sec) w a s  found i n  PQ. 
A t  12 min, t h e  T wave began t o  show increased he igh t ,  and at 13 min, t h e  T . 
wave climbed f u r t h e r ,  and from t h e  lower f o o t  of R,  a high take-off of t h e  
ST-T t r a n s i e n t  po in t  w a s  found i n  t h e  f i r s t  induction. A t  15 min, a high 
take-off a t  t h e  lower f o o t  of t h e  R and ST segments increased even more, 
and t h e  PQ t i m e  width w a s  extended t o  0.15 sec, A t  1 7  min, t h e  ST j u n c t i o n  
and ST segment exh ib i t ed  markedly high take-offs showing a p a t t e r n  l i k e  a 
single-phase wave p a t t e r n ;  t h e  PQ t i m e  was  f u r t h e r  extended t o  0.20 sec. 

' 

At 20 m i n ,  t h e  ST-T moved from t h e  summit of the R wave and became a 

A t  24 min, t h e  base l ine 
p e r f e c t  single-phase wave. A t  22 min, second degree a t r i o v e n t r i c u l a r  block 
occurred and t h e  pu l se  rate decreased t o  38lmin. 
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Figure 3 
I 

T i m e  Pulse  Wave p a t t e r n  
passed rate Pulsa t ion  Remarks 

(min sec) (pe r  min) 1st induct ion 2nd induct ion 
.. . 

before 
r o t a t i o n  

2' 

92 s i n u s  
arrhythmia 
(marked) 

No dev ia t ion  i n  Pb L- ST, PQ:0.08 sec 

143 s i n u s  
arrhythmia 

P wave changed 
i n t o  sharp 
peaks 

A.4 A 
. ,I +- ST j unc t ion  A .- lowered 

5' 

7'. 

14 7 s i n u s  
arrhythmia 

v e n t r i c u l a r  
pu l se  w a s  
assumed t o  
have ceased'  

spasm continued 
f o r  about 30 
sec, evident  on 
t h e  electromyo- 
gram 

8 '  30-60 a u r i c u l a r  
pu l sa t ion  
ceased .; t L:.. 

v e n t r i c u l a r  
self-move- 
ment 

ST s l i g h t l y  
lowered Ah 

8 ' 30" s i n u s  pulsa t ion  h resumed 
95 r egu la r  

s i n u s  
pulsa t ion  

10 ' 65-100 r egu la r  
s inus  
pulsa t ion  

QRS i n t e r v a l s  : 
0.10 sec, 
unusual 
pu l sa t ion  

10 '30" 95 r egu la r  
s i n u s  
pu l sa t ion  

s inus  
pulsa t ion  
resumed, PQ : 
0.12 sec 

12  ' 

13 ' 

75 r egu la r  
s i n u s  
pu l sa t ion  

increased 
height  of T 
wave 
lower f o o t  of R 
and t r a n s  i t  ion- 

and T climbed 
(high take-of f )  

&- a1 p a r t  of ST : 

.7 

82 r egu la r  
s i n u s  
pulsa t ion  

A 



of R (ST seg- 
men t climbed) 
PQ: 0.15 sec 

ST j unction 
and ST segment 
climbed marked- 
ly, single- 
phase wave PQ: 
0.20 sec 

sinus 
pulsation 

17 $8 regular 
sinus 
pulsation 

.- 

20 50 sinus A A . ' ;a;Ele-phase 
arrhythmia 

22 ' 3 38 sinus beat- 
ing, 2nd 
degree Same as above 
atrio 
ventricular 
block 

24 ' 60-90 Base line 
trembled, P 
wave unrecogniz- 
able, QRS group 
extremely small 

Fig, 3, Changes in Electrocardiograms of the Rabbit during Centrifugation 
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trembled, P waves were unrecognizable,  and t h e  QRS: group w a s  extremely s m a l l ,  
showing arrhythmia of 60-90/min. A t  30 min, t h e  base l i n e  trembled markedly, 
with 180/min per iodic  tremors. 
s i b l e  t o  t e l l  whether t h i s  tremor w a s  v e n t r i c u l a r  f i b r i l l a t i o n  o r  simply 
i n s t a b i l i t y  of t h e  base l i n e .  The electric source of t h e  cen t r i fuge  w a s  turned 
off at t h i s  po in t ,  but  a t  32 min 
w a s  s t i l l  observed; however, t h e  width of t h e  QRS de f l ec t ions  w a s  extremely 
s m a l l ,  and t h e  experiment w a s  terminated. 

The condi t ion became such t h a t  it w a s  impos- 

a v e n t r i c u l a r  self-movement of 30-40/min 

Examining these  two examples, w e  noted t h a t  s ag  of t h e  ST junc t ion  i n  
t h e  f i r s t  and second case had begun a t  1 min and 5 min, r e spec t ive ly ,  and a 
sag of ST segments began a t  3 min and 8 min, respec t ive ly  (onset of centr i fuga-  
t i on ) .  Sharpening of t h e  P wave peaks occurred a t  10 min and 2 min, respect- 
ive ly ,  a f t e r  beginning of ro t a t ion .  The spasms i n  t h e  f i r s t  case were Adams- 
Stokes a t t a c k s ,  occurr ing a t  18 min 10 sec; i n  t h e  second case t h e  spasms 
l a s t e d  f o r  30 sec at  7 min a f t e r  beginning of ro t a t ion .  Sinus arrhythmia 
occurred occasional ly ,  and a u r i c u l a r  cessa t ion  and v e n t r i c u l a r  self-movement 
occurred a t  18 min 30 sec i n  t h e  f i r s t  case and at  8 min and a t  10 min i n  
t h e  second case. 

A t  t h e  end of t h e  f i r s t  experiment wide d e f l e c t i o n s  of t h e  Q wave 
appeared and sag  of ST w a s  observed; i n  t h e  second case,  t h e  high take-off 
of t h e  ST junc t ion  and segment gradual ly  increased and f i n a l l y  became a 
single-phase wave. 

( 3 )  Discussion. The ST sag  i n  t h e  f i r s t  experiment w a s  due t o  a 
d isorder  believed t o  be caused by a lack  of oxygen i n  t h e  myocardium, and 
the  high ST take-off i n  t h e  second experiment a l s o  suggests  a se r ious  
myocardial disorder .  Furthermore, slow and f a s t  pu lses  appeared from t i m e  t o  
t i m e  i n  both experiments and var ious abnormal pulsa t ions  w e r e  found. These 
can be in t e rp re t ed  as c e n t r a l l y  influenced arrhythmias caused by a stimula- 
t i o n  due t o  lack  of oxygen i n  t h e  b ra in  ( re f .  1). I f  t h i s  i s  t r u e ,  t h i s  lack  of 
oxygen i n  t h e  myocardium and b r a i n  may have occurred because of an increase  
i n  t h e  blood v i s c o s i t y  i n  t h e  lower pa r t  of t h e  body and l ack  of blood cir- 
cu la t ion  i n  t h e  upper p a r t  of t h e  body, expec ia l ly  i n  t h e  head, due t o  t h e  
phys ica l  e f f e c t  of cen t r i fuga l  force.  

(4) Conclusion. When 10 g of cen t r i fuga l  fo rce  i n  t h e  head- ta i l  
d i r e c t i o n  w a s  imposed upon two experimental  r a b b i t s  weighing 3 kg,fast  and 
slow pulses  and var ious  o the r  abnormal pulsa t ions  w e r e  recorded on t h e  
electrocardiogram; t h e  development of s e r ious  myocardial d i sorders  w a s  
shown by t h e  ST devia t ion  and o the r  s igns .  A t  t h e  s a m e  t i m e ,  l a ck  of oxygen 
supply i n  both ce reb ra l  and coronary c i r c u l a t i o n  occurred. 

A s  a r e s u l t  of t hese  condi t ions,  ST sag occurred a t  25 rnin 30 sec i n  
t h e  f i r s t  case, and ST high take-off occurred a t  32 min i n  t h e  second case; 
t h e  animal d ied  i n  each case. 

Ref. 1. Ueda, H. et al.: Ci rcu la tory  and Respiratory 
Japanese St imulat ion of t h e  Thalamic Nuclei. 

1960 . ____..  - - - - 

_ ,  . . ” . .  . -_  
Changes induced by 
Heart Journa l ,  vol.  1,1, 

. 
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These experiments i n d i c a t e  t h a t  c e n t r i f u g a l  f o r c e  has  a s e r i o u s  effect;  
on t h e  c i r cu la to ry  system of r a b b i t s ,  bu t  d e t a i l s  of t h e  phenomenon r equ i r e  
f u r t h e r  s tud ie s .  

4. Electroencephalography and Electroret inography 

(Mitarai  and Takagi) 

(1) Purpose and Methods. I n  order  t o  observe t h e  physical  changes i n  /= 
t he  c e n t r a l  nervous system caused by cen t r i fuga l  force ,  t h e  ce reb ra l  waves 
and r e t i n a l  e l e c t r i c a l  p o t e n t i a l  of r abb i t s  w e r e  observed. The following 
r e s u l t s  w e r e  obtained, using 5 unanesthetized white r a b b i t s  weighing 2.5- 
2.8 kg. 
t h e s i a  i n  t h e  f r o n t  of t h e  head and i n  t h e  l e f t  and r i g h t  o c c i p i t a l  lobes of 
t h e  b r a i n  several days p r i o r  t o  t h e  experiment, and t h e  ERGS, by corneal  lens-  
type e l ec t rodes  i n s t a l l e d  a f t e r  corneal  su r f ace  anes thes ia  immediately 
p r i o r  t o  t h e  experiment; p o t e n t i a l s  were recorded by wireless telemeter. 

The EEGs were obtained by Ag-AgC1 e l ec t rodes  in se r t ed  under anes- 

Strobe f l a shes  of less than 1 msec were used as a l i g h t  s t imu la t ion  f o r  
inducing t h e  ERG. 
reached 10 g a t  about 5 sec a f t e r  t h e  beginning of r o t a t i o n  and r o t a t i o n  
ceased some 10 sec  a f t e r  being turned o f f .  

The c e n t r i f u g a l  apparatus w a s  regulated so t h a t  t h e  fo rce  

(2)  Resul ts  and Discussion.(I)  EEG. The EEG of r a b b i t s  placed i n  t h e  
cen t r i fuga l  apparatus 
an awakening r eac t ion ,  w a s  predominant, and when a load of + 10 g w a s  added 
i n  t h e  head- t a i l  d i r e c t i o n ,  a 
s l i g h t l y  higher ,  slow wave of 
about 3 cycles  w a s  added t o  
t h i s  ( f i g .  4 ) .  This  gradual 
wave i s  o f t en  observed i n  a 
s ta te  of rest and c o n s t i t u t e s  
t he  base l i n e  of r abb i t  ce reb ra l  
waves a t  rest. When a + 10 g 
fo rce  i s  reached and constant  
speed is maintained, a f t e r  1-2 
min an awakening r eac t ion  similar 
t o  t h a t  observed p r i o r  t o  cen- 
t r i f u g a t i o n  i s  seen again i n  
many cases. This  i n d i c a t e s  t h e  
p o s s i b i l i t y  of adapta t ion  t o  
g r a v i t a t i o n a l  load. 

showed t h a t  a narrow, f a s t  wave, which could be ca l l ed  

I. . I I .  *.I . - - i  - ^  .v---.-.-h&-..-d 
Fig. 4 A complctc scrics (A to D) of cxpcrimcnts showing positive gtavit~tional 

changes rcAcctcd in rabbit's EEG. On ond ofi of ccntrifuging are indicated 
by m o w n .  Calibration ; 50 pV, Timo i 1 see. When t h e  apparatus is  

turned o f f  and r o t a t i o n  is  
rap id ly  stopped, t h e  gradual  wave reappeared i n  t h e  EEG, followed by t h e  ap- 
pearance of marked sp ind le  group development ( f ig .  1 D ,  do t ted  region) ,  and 
t h e r e  w a s  a gradual  r e t u r n  t o  t h e  narrow, f a s t  ce reb ra l  wave seen p r i o r  t o  
t h e  experiment. , 
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These r e s u l t s  d i f f e r e d  q u a n t i t a t i v e l y ,  depending upon t h e  ind iv idua l  
d i f f e rences  i n  t h e  animals, o r  perhaps upon t h e  condi t ions of securing t h e  
animal i n  t h e  apparatus ,  but q u a l i t a t i v e l y  they were found t o  be t h e  bas i c  
changes t h a t  normally appear. I n  o ther  words, t h e  narrow, f a s t  waves and 
t h e  slow waves followed by sp ind le  group development simply show t h e  s t ages  
of c o r t i c a l  excitement l e v e l s ,  t h e  former being high and t h e  lat ter low. Kow- 
ever ,  these  are t h e  changes a l s o  observed i n  q u i e t ,  normal r a b b i t s .  This  
f a c t  apparent ly  i n d i c a t e s  t h a t  t h e  + 10 g load i s  not  s t rong  enough t o  i n t e r -  
f e r e  with c e n t r a l  nervous a c t i v i t i e s .  A s  shown i n  f i g u r e  4 ,  even though t h e  
slow wave become predominant ( A ) ,  o r  sp indle  group development occurs ( D ) ,  
c o r t i c a l  a c t i v i t i e s  are apparent ly  maintained i n  t h e  normal range, because t h e  
f a s t  wave group ex is t s  more o r  1 e s s . t h e  same as i n  t h e  unstressed animal. 

When a load of about 20 g w a s  added t o  these  r a b b i t s ,  two out of t h e  
f i v e  d ied  during t h e  load tes t ,  another two died immediately a f t e r  cessa t ion  
of r o t a t i o n  during t h e  t i m e  of sp indle  group development, and t h e  remaining 
animal recovered electroencephalographically a f t e r  cessa t ion  of r o t a t i o n ,  

* but  died on t h e  following day. 
number of hemorrhages i n  t h e  abdominal cavi ty .  Figure 5 i s  t h e  electroen-  
cephalogram of t h i s  r a b b i t  during t h e  experiment. 
similar changes w e r e  seen, 
but  as r o t a t i o n  w a s  f u r t h e r  
increased and t h e  load ap- 
proached + 20 g ,  t h e  f a s t  
wave component suddenly i 

disappeared, r e s u l t i n g  i n  
slow waves only ( f i g .  5 B) , 

and then i n  complete f l a t -  ‘ I  1 

ness  ( f i g .  5 B ) .  This f a c t  
i nd ica t e s  t h a t  each f a s t  . .I t 

wave component and slow 
wave component shows a 
d i f f e r e n t  s u r v i v a l  t i m e .  1 

Autopsy of t h e  las t  animal d isc losed  a l a r g e  

Up t o  t h e  4- 10 g load 

/61 
..- ~ . , . \. 

3 ... 
# 

. -  I 

C ons i d e  r i n g  t h e  
general  po in t  of view t h a t  
t h e  former p a r t i c i p a t e s  i n  
c o r t i c a l  a c t i v i t y  and t h e  

t h e  thalamic r e l a y  nucleus 
group, t h e  d i f f e rence  i n  
s u r v i v a l  t i m e  may be based 
on reg iona l  d i f f e rences  . 
When r o t a t i o n  w a s  stopped a f t e r  t h e  ce reb ra l  wave w a s  f l a t t e n e d  by t h e  20 g 
load, f i r s t  t h e  slow wave component recovered, then sp ind le  group development 
occurred, and later t h e  f a s t  wave component gradual ly  appeared and returned 
t o  t h e  o r i g i n a l  state. Since sp ind le  group development is observed i n  t h e  
case of suppression of t h e  c i l i a r y  body a c t i v a t i o n  system, ev ident ly  very 
marked suppression occured i n  t h i s  case. 
observing t h e  waves produced by t h e  deep cerebrum. 

> .- -9 

ir,,:s (A t o  C) of thc right (upper) and the icft (lower 
G in a rnbbit showing a charocccristic chanze induced lat ter i n  a c t i v i t i e s  of 

- _ _  - by ccntrifugc from +10G to +20C. 
. . - 

W e  s h a l l  confirm t h i s  f a c t  later by 
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The changes observed above are very similar t o  t h e  changes caused by 
l ack  of oxygen o r  low blood sugar ,  It is  obvious t h a t  t h e  c e n t r i f u g a l  load 
mainly causes a rapid decrease of cerebral blood flow, and the  main reasons 
f o r  t h e  EEG changes are probably low oxygen and low blood sugar  due t o  t h i s  
phenomenon. A noteworthy f a c t  is the  sp indle  group development a t  t h e  t i m e  of 
cessa t ion  Of ro t a t ion ;  w e  suggest  t h a t  t h e  minus g rav i ty  may d i s t u r b  t h e  
c e n t r a l  mechanism more severe ly  than t h e  p o s i t i v e  grav i ty .  

/62 

(11) ERG. E lec t rore t ino-  
..grams w e r e  observed only wi th  t h e  

! a l ready  been reported ( r e f .  1). 

1 which remained wi th in  an  approx- 

-.._-..-,. ,,X-,~..- -.I ). *..- . ...*-*... IC. -”. --- .T 3. 10 g load. The r e s u l t s  have 

1 
! 

S i m i l a r  t o  t h e  ce reb ra l  wave 

imately normal range, therewere  no 
1 marked changes i n  t h e  ERG. I n  
f general ,  an extension of t h e  a and 
j 

1 

a b waves of t h e  l a t e n t  period w a s  
observed; with respec t  t o  t h e  
d e f l e c t i o n  width,  t h e  decrease 

, w a s  more marked i n  t h e  a wave 
’ than i n  t h e  b wave. These are 

? t h e  same changes as those which 
’ r e s u l t  from low oxygen content.  

dcd w.vnvc of the EI;G 01~10ine~l c w r y  trill iiiinutcli bciurc (A), d,,,.ills However, i n  t h i s  experiment the  
(B, C, D) rnd afier (E, F) axposuro to +IO G ,  rhythmic s m a l l  waves f requent ly’  

disappeared as t h e  c e n t r i f u g a l  
load w a s  increased;  w e  be l i eve  
t h a t  t h i s  i s  probably a character-  

&. . .  
Fig.6 i::4cst of cen, i i iu~.e  i .n inc M ,;,e (up;,cr rr.\,rJIl,K) ;I,< 

i s t i c  change. The s e l e c t i v e  disappearance of rhythmic small waves w a s  found 
e spec ia l ly  i n  cases of d i a b e t i c  r e t i n i t i s  (ref. 21, and t h i s  has  been explained 
as due t o  sudden r e t i n a l  anemia, which is  probably t h e  cause of t h e  r e t i n i t i s .  
The r e s u l t s  of t hese  experiments i n d i c a t e  t h a t  a similar mechanism may be  
operat ing,  and when such phenomena take  place 
occurs,  as i n  t h e  lat ter case. 

severe  loss  of eyesight  probably 

(3) Subsummary. 
and ERG a t  t h e  t i m e  of c e n t r i f u g a l  fo rce  loading are changes caused by low 
oxygen content which accompanies sudden anemia. However, r a b b i t s  adequately 
endure t h e  + 10 g load,  bu t  d i e  when a + 20 g load is appl ied ,  and t h e  c e r e b r a l  
waves change completely t o  slow and f l a t  waves. Even changes such as these  
are f requent ly  r eve r s ib l e .  Furthermore, a c h a r a c t e r i s t i c  f a c t  is  t h a t  sp ind le  
group development always occurs a t  t h e  t i m e  o f . c e s s a t i o n  of r o t a t i o n ,  and 

From these  r e s u l t s ,  w e  conclude t h a t  t h e  changes i n  EEG 

- -_. -- - .  . 

Ref. 1. Mitarai, G., and S. Takagi: Re t ina l  P o t e n t i a l s  i n  Cases of Low 
Pressure,  Low Oxygen and Cent r i fuga l  Force. Journa l  of Japanese 
Aerospace Med. andPsy; vol.  2, pp.90-95, 1964, 

R e f .  2. Yonemura, D.: Rhythmic Small Waves Which Appear on ERG. J o u r n a l o f  

_ I .  - Japanese Ophthalaologyp vol .  66, pp1566-1584, 1961. _ _  - .  - I- 
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r a b b i t s  d i e  a t  t h i s  s t a g e  i n  many cases. 
change w a s  observed i n  t h e  ce reb ra l  waves, t h e  disappearance of rhythmic 
s m a l l  waves i s  o f t en  observed on t h e  ERG. W e  suggest  t h a t  a blackout a t  t h e  
t i m e  of c e n t r i f u g a l  loading is due t o  a d e t e r i o r a t i o n  i n  t h e  retinal mechanisms 
r a t h e r  than one i n  t h e  brain.  

With a $ 10 g load, where no marked 

5. The Eye 

(Suzumura and Miwa) 

(1) Purpose and Methods. 
t h e  t es t  r a b b i t  were viewed 
i n a t i o n s  before  and a f t e r  cen t r i fuga t ion ,  and t h e  eyeground w a s  photographed 
f o r  record. 
a f t e r  t h e  experiment. 
a f t e r  formalin f i x a t i o n  and p a r a f f i n  embedding, which were then heavi ly  
s t a ined  with hematoxylin and eosin.  

The a n t e r i o r  of t h e  eye and t h e  eyeground of 
by means of ophthalmoscopic andmacroscopic exam- 

Furthermore, r a b b i t ' s  eyes were observed by preparing o p t i c  d i s c s  
Changes in t i s s u e s  were observed by preparing sec t ions  

Observations were made 5 min a f t e r  completion of cent r i fuga t ion .  

(2) Eyeground views. Various p a r t s  of t h e  test r a b b i t ' s  eyeground are 
compared i n  f i g u r e  7,  showing p i c t u r e s  taken before  and a f t e r  cen t r i fuga t ion .  

y-- 
t: 

, I  
t 

f ,  

I , 

1 

i 1 %  3 
I 
L... " * .. -. ... I . . . .  I. ,.*.. "...LUX..* 

:C Peripheral vcnsc\ t aker t a p  
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Observations near  t h e  p a p i l l a e  i n d i c a t e  t h a t  a f t e r  cen t r i fuga t ion  t h e  p a p i l l a e  
were pa le ,  t h e  blood v e s s e l s  became unclear ,  and t h e r e  w a s  decrease of blood 
i n  t h e  vesse ls .  
found i n  o ther  p a r t s ,  but congestion of blood is recognizable i n  t h e  choroidal  
ve in  found i n  t h e  diagram near t h e  upper p a r t  of t h e  pap i l l ae .  The f a r t h e r  
away from t h e  p a p i l l a e ,  t h e  pa l e r  t h e  eyeground is  a f t e r  t h e  test .  From 
these  observat ions on t h e  eyeground i t  appears as i f  t h e  blood co l l ec t ed  
a t  t h e  extreme back of t h e  eyeba l l  around t h e  p a p i l l a e  a f t e r  cenfxifugat ion.  
However, r a t h e r  than t h e  t o t a l  amount of blood t h a t  ex i s t ed  p r i o r  t o  t h e  test 
being congested, it seems t h a t  only p a r t  of t h e  blood is re ta ined .  Observa- 
t i ons  of t h e  o p t i c  fovea ind ica ted  no s i tes  of hemorrhage such as broken 
vesse l s  o r  thrombi. 
l y  constrained,  and t h e  flow from t h e  choroidal  ve in  t o  outer  p a r t s  of t h e  
eyebal l  w a s  increased.  However, t hese  f ind ings  from only two cases are not  
conclusive. Further  observat ions of t he  changes which occur during cen t r i -  
fuga t ion  are required.  It is a l s o  not  known whether o r  not  t h e  p a r t  of t h e  
eye where blood co l l ec t ed  a f t e r  cen t r i fuga t ion  w a s  inf luenced by t h e  pos i t i on  
of t h e  a n i m a l ' s  body a f t e r  death.  

Conditions such as deple t ion  of blood o r  anemia were a l s o  

Therefore,  i t  seems t h a t  t h e  flow of blood w a s  dynamical- 

The views of t h e  eyeground a f t e r  cen t r i fuga t ion  are unclear ,  due mostly 
t o  cornea l  opaci ty  r a t h e r  than t o  t h e  inf luence  of cent r i fuga t ion .  The con- 
d i t i o n  of corneal  opaci ty  is  due mainly t o  opac i ty  of t h e  corneal  epithelium, 
and i t  is assumed t h a t  t h i s  opaci ty  w a s  due i n  p a r t  t o  poor c i r c u l a t i o n  of 
t he  aqueous humor because of t h e  c e n t r i f u g a l  acce le ra t ion ,  r a t h e r  than a 
s i m p l e  change a f t e r  death.  However, a c t u a l  microscopic tests and h i s to log ic -  
a l  tests of t h e  cornea and chemical tests of t h e  aqueous humor w e r e  no t  done '  
and are planned f o r  f u t u r e  s tud ie s .  

We s h a l l  r epor t  on t h e  h i s t o l o g i c a l  ana lys i s  i n  t h e  fu tu re ,  because /63 
t he re  is no t  s u f f i c i e n t  material at t h e  present .  

6 .  Serum Pro te in  Frac t iona t ion  and Serum Spec i f i c  Gravity 

(Takehara and Suzuki) 

A s  p a r t  of an inves t iga t ion  of t h e  changes of body f l u i d  when a cen- 
t r i f u g a l  fo rce  w a s  appl ied t o  a l i v i n g  organism, t h e  following experiment w a s  
performed on r abb i t s .  The acce le ra t ing  load w a s  5 g f o r  10 min. Invest iga-  
t i o n s  of t h e  body f l u i d s  included serum p ro te in  f r a c t i o n a t i o n  and serum spec- 
i f i c  grav i ty .  Blood w a s  co l l ec t ed  immediately before  and a f t e r  t h e  centr i fuga-  
t i o n  and 15 min, 30 min, 45 min, and l h r  t h e r e a f t e r ,  by c u t t i n g  t h e  ear lobe 
s i x  t i m e s  and c o l l e c t i n g  0.5-1.0 m l  of blood at  a t i m e .  F rac t iona t ion  of 
p ro te in  w a s  done by e lec t rophores i s  on c e l l u l o s e  acetate shee t s  as the  sup- 
por t .  The 
c e l l u l o s e  acetate shee t s  w e r e  Separax ( r e f .  11, which is  reported t o  be  

Ref. 1. Ogawa: Domestic Cel lu lose  Acetate Sheets,Separax. Ekagu no Ayumi 

Spec i f ic  g rav i ty  w a s  determined by t h e  copper s u l f a t e  method. 

(Progrese i n  Medicine), vole 58,8 pa 467, 1964. 
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valuable  f o r  a1 globul in  separat ion.  

r e n t  t h e  shee t s  were s t a ined  with Poncia 3R and analyzed on an au towr i te r  
densitometer.  

After  e l ec t rophores i s  at  a f ixed  cur- 

The experimental  r e s u l t s  are given i n  t a b l e  1. The percentage of a1 

globul in  and Blglobulint i n  t h e  t o t a l  p ro t e in  obtained i n  s i x  experiments with 
s i x  r abb i t s  is shown i n  t h e  t ab le .  After  thoroughly s tudying t h e  f luc tua-  
t i o n s  of each f r a c t i o n ,  i t  w a s  decided t o  give s p e c i a l  a t t e n t i o n  t o  these  two 
f r ac t ions .  The a1 globul in  showed a cons is ten t  c h a r a c t e r i s t i c  t r a n s i t i o n  /64 
i n  t h e  low pressure  load experiments performed t h e  previous year  ( re f .  2) ,  and 
i n  t k p r e s e n t  experiment a recognizable p a t t e r n  of f l u c t u a t i o n  w a s  a l s o  
evident.  These a1 values  are shown i n  f igu res  8 and 9. When t h e  values  ob- 

ta ined immediately before  and a f t e r  cen t r i fuga t ion  w e r e  compared, an in-  
crease w a s  found i n  four  out  of s i x  cases ,  and a s l i g h t  decrease i n  two 
cases, r e s u l t i n g  i n  an increase  of t h e  average value.  

When t h e  values  obtained immediately a f t e r  cen t r i fuga t ion  and 15 min 
later w e r e  compared,ia decrease w a s  found i n  t h e  two cases i n  which marked in- 
creases had been noted during cen t r i fuga t ion  and an increase  i n  four  o the r  
cases ,  r e s u l t i n g  i n  an increase  of t h e  average value.  I n  t h i s  comparison 
t h e  d i f f e rences  i n  t h e  values  of t h e  s i x  cases  are l a r g e  and t h e  f l u c t u a t i n g  
condi t ion is unstable .  I n  a comparison of t h e  values  found 15 min and 30 
min a f t e r  cen t r i fuga t ion ,  increases  were found i n  t h r e e  cases and l i t t l e  
change i n  t h e  o thers .  
p ro t e in  e x h i b i t s  a pe r fec t  s t r a i g h t - l i n e  inc rease  up t o  t h e  45 min post- 
cen t r i fuga t ion  period. 
rease between 30 min and 45 min. 
globul in  i n  general ,  but  i t  w a s  not  found i n  a l l  cases. The d i f f e rence  i n  
values  decreased between 30 and 45 min, and 45 and 60 min, and t h e  va lue  i n  
each case approaches t h e  average value.  
It is probable t h a t ,  a f t e r  emerging from t h e  temporary uns tab le  period 
caused by the shock, t h e  values  are d i rec ted  toward s t a b i l i z a t i o n ,  with higher  

increase from 45 t o  60 min. 

With respect t o  average va lues ,  t h e  percentage of t o t a l  

The percentage of t o t a l  g lobul in  showed a s l i g h t  dec- 
This  is  due t o  a s l i g h t  increase  i n  

The f l u c t u a t i o n  a l s o  decreased. 

values than a t  the  beginning. The average values  showed a sudden /65 

A summary of t h i s  course of progress shows t h a t  t h e  va lue  increased up 
t o  1 h r  a f t e r  cen t r i fuga t ion ,  but t h e  course of t h e  increase  is  no t  s t r a i g h t  
and i s  uns tab le  from 30 t o  45 min, later showing a s t a b i l i z e d  increase.  Our 
plans are t o  cont inue t h e  experiment i n  order  t o  determine t h e  later course. 
The 8 globul in  showed high values  between 30 and 45 min i n  two out  of s i x  
cases, but such an increase  w a s  no t  seen i n  o the r  cases. I n  t h e  case of l ow-  
pressure  load tests t h e  course a l s o  passed through an uns tab le  per iod-wi th  . __- . - 

Ref. 2. Takehara, K., and H. Suzuki: F luc tua t ion  of Serum Frac t ions  of 
Rabbits Caused by Low Pressure--with Spec ia l  Reference to  a1 
Globulin. Kanken Nenpo, vol. 1 7 ,  pb 99, 1955. ! 

. - . . , ." _ _  . . _ _ _  I_x____ ___._._.I__ _" _. . . . 
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Table 1. Influence of load of g rav i ty  uponi leve ls  of ax-, B-globulin 
f r a c t i o n s  and s p e c i f i c  g r a v i t i e s  of r a b b i t s  sera 

Load of gravi ty:  5 g,  10  min. Levels of globul in  f r a c t i o n s :  represented as 
percentages i n  t o t a l  p ro te ins .  Spec i f i c  g rav i t i e s :  determind by copper s u l f a t e  
s o l u t i o n  method. 

Legend : 

r3 

9 

3 

8 

4 

Fract ions 

Rabbit No. 

T i m e  of Blood Col lec t ion  

s p e c i f i c  g rav i ty  

immediately before  cen t r i fuga t ion  
immdia te ly  a f t e r  cen t r i fuga t ion  
1 5  min later 
30 min later 
45 min la ter  
60 min later 

immediately before  cen t r i fuga t ion  
immediately a f t e r  cen t r i fuga t ion  
15 min later 
30 min later 
45 min later 
60 min later 

9 immdia te ly  before  cen t r i fuga t ion  , 

immediately a f t e r  cen t r i fuga t ion  
15 min later 
30 min l a t e r .  
45 min later 
60 min later 
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later s t a b l e  f luc tua t ions ,  but  t h e  p a t t e r n  of t h e  general  course w a s  con- 
s iderably  d i f f e r e n t  from t h a t  of t h e  acce le ra t ion  load test, t h e  present  

Figure 8 .  
r a b b i t s  sera. Load of grav i ty :  5 g,  10 min. Levels of al-globulin:  repre- 
sented as percentages i n  t o t a l  p ro te ins .  

Legend: a) ci globul in  content  % d) immediately a f t e r  cen t r i fuga t ion  

b) t i m e  of blood c o l l e c t i o n  e) 15 min later f )  30 min later 

Inf luence of load of g rav i ty  upon l e v e l s  of al-globulin f r a c t i o n  of 

! 

1 

c)  immediately before  g) 45 min later h) 60 min later 
cen t r i fuga t ion  

\ 

experiment no case of dea th  occurredlalthough t h e r e  w a s  a case of a t a x i a  a f t e r  
cen t r i fuga t ion  

, - ... 

Legend : 

a )  13 g lobul in  content  % 

b) t i m e  of blood c o l l e c t i o n  

c) immediately before  cen t r i fuga t ion  

d) immediately a f t e r  cen t r i fuga t ion  

e) 15 min later f )  30 min Later 

g) 45 min later h) 60 min later 

, 

Figure 9. 
r a b b i t s  sera, Load of gravi ty:  5 g ,  10 min. Levels of @-globulin: repre- 
sented as percentages i n  t o t a l  p ro te ins .  

Inf luence  of load of grav i ty  upon levels of 13-globulin f r a c t i o n  of 
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7. Pathologica l  Observations of t h e  Brain 

(Murakami and Kameyama) 

(1) Experiment 1 (12/14/64) (I), Macroscopic Observations: 
(microscopic observat ion of ex te rna l  shape and sect ioned su r face  of f r e s h  
specimens), 

No hemorrhage w a s  found i n  e i t h e r  t h e  dura o r  p i a  mater and no mechan- 
i c a l  i n j u r y  suggest ive of e x t e r i o r  fo rce  w a s  found on t h e  su r face  of t h e  
brain.  The b ra in  w a s  genera l ly  p a l e  and t h e  cerebrum w a s  s l i g h t l y  edematous, 
but each p a r t  of t h e  b ra in  w a s  i n  i t s  proper proport ion and no abnormal pres- 
s u r e  marks o r  t o p i c a l  swel l ings were found. 
c i p i t a l  ce reb ra l  arteries and b a s i l a r  a r t e r i e s  lacked blood, and t h e  super f ic -  
i a l  ves se l s  of t h e  b r a i n  w e r e  small, ind ica t ing  severe  dep le t ion  of blood i n  
t h e  bra in .  No congestion of blood w a s  found i n  t h e  ce reb ra l  ve ins ,  and t h e  
vascular  c a v i t i e s  were f l a t .  

The f r o n t a l ,  c e n t r a l  andoc- 

The decrease i n  t h e  blood content w a s  t h e  same as i n  t h e  case of t h e  
arteries but  t o  a lesser degree,  and a considerable  amount of blood w a s  s t i l l  
found i n  t h e  b a s i l a r  a r t e r y  [ s i c ,  vein] .  

On t h e  sect ioned su r face  ( f r o n t a l  s e c t i o n ) ,  t h e  border between t h e  
ce reb ra l  cor tex  and medulla w a s  clear and n e i t h e r  sof tened f o c i  nor  hemor- 
rhagic  f o c i  were found. 
t h e i r  shape and s i z e  w e r e  almost normal. No d i l a t i o n  o r  s t e n o s i s  w a s  found, 
i n  t h e  t h i r d  o r  fou r th  c e r e b r a l  v e n t r i c l e .  Blood marks on s e c t i o n  su r faces  
were markedly reduced i n  t h e  o l f ac to ry  lobe  and t h e  c e r e b r a l  su r f ace  l a y e r  

hippocampus, b a s a l  nucleus o r  i n t e r b r a i n ,  and midbrain t h e  dens i ty  w a s  almost 
normal and only by microscopic observation w a s  a s l i g h t  congestion of blood 
found i n  t h e  s m a l l  parenchymatous vessels. 
hippocampal gyrus t o  i t s  t a i l  several f r e s h  pe techiae  were found b i l a t e r a l l y .  
A s m a l l  l i n e a l  hemorrhage w a s  a l so  observed on t h e  outs ide  of t h e  r i g h t  o l iva ry  
nucleus of t h e  medulla oblongata. 

The la teral  v e n t r i c l e s  w e r e  symmetric and both 

and almost nonexis tent  i n  t h e  f r o n t a l  area. However, i n  t h e  /66 

Along t h e  cen te r  p a r t  of t h e  

(11) His to logic  Observations: [observation of s ec t ions  of nervous 
t i s s u e s t a i n e d  with e i t h e r  H E (hematoxylin and eosin)  o r  gallocyanine] 

The s t r u c t u r e  of t h e  ce reb ra l  cor tex  w a s  normal, without n e c r o t i c  f o c i ,  
and t h e r e  w a s  no roughening due t o  dropping of nerve c e l l s .  
ou ter  and inne r  pyramidal l aye r s  of t h e  ce reb ra l  hemispheres w e r e  t h e r e  
occasional  cells i n  which t h e  nucleus w a s  highly s t a ined  due t o  a l ack  of 
N i s s l  substance. 
l o s t  t h e i r  N i s s l  substance.  The d e t e r i o r a t i o n  of nerve cells w a s  marked 
i n  t h e  hippocampal gyrus, and cells without N i s s l  substance,  i n  which 
cytoplasm w a s  evenly and l i g h t l y  s ta ined ,  w e r e  f requent ly  found on t h e  s i d e  
of t h e  hippocampus tai l .  

Only i n  t h e  

Among these  cells t h e r e  were a few which had completely 
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Nerve cells showing s imilar  d e t e r i o r a t i o n  as those  seen i n  t h e  cor tex  
w e r e  found spar ingly  i n  t h e  ce reb ra l  b a s a l  nucleus and ophthalmus, bu t  de te r -  
i o r a t i o n  w a s  only s l i g h t  i n  a l l  cases. 
ophthalmus region,  midbrain gray matter, pons, and medulla oblongata were 
normal and t h e r e  w a s  no clear p i c t u r e  of de t e r io ra t ion .  

The nerve n u c l e i  of t h e  lower 

I n  t h e  cerebellum, d e t e r i o r a t i o n  of t he  Purk in je  cells w a s  marked and 
t h e r e  were many cel ls  wi th  swollen bodies which s t a ined  l i g h t l y  and evenly 
and lacked N i s s l  substance.  

Although the  changes i n  t h e  blood vesse l s  were not  obvious i n  t h e  cere- 
b ra1  cor tex  and s u b c o r t i c a l  white  matter, small ve ins  i n  t h e  lateral  vent r ic -  
u l a r  w a l l ,  b r a i n  s t e m ,  and cerebellum showed s l i g h t  congestion, and pe r i -  
vascular  hemorrhages were found i n  t h e  s m a l l  ve ins  i n  t h e  subependymal l aye r  
of t h e  la teral  v e n t r i c u l a r  bases and t h e  white  m a t t e r  of t h e  hippocampal 
gyrus. The ce reb ra l  arteries a t  t h e  base of t h e  b ra in  had contracted and 
t h e  lumens were narrow; some of them showed a space between t h e  in t ima l  and 
medial membranes, o r  loose  in t ima l  membranes. 
s t a i n a b l e  homogeneous, nons t ruc tura l  substance,  poss ib ly  a hemolysin, w a s  found””-’ 

- 
_- . _I 

I n  t h e  b a s i l a r  veins  an eos in  

’ at tached t o  the  vascular  w a l l ,  bu t  t he re  w a s  no d i s t i n c t  thrombus formation. 

The ce reb ra l  edema and d e t e r i o r a t i o n  of t h e  nerve cells i n  t h e  ce reb ra l  
cor tex and b ra in  s t e m  w e r e  a l l  only s l i g h t ,  and i t  w a s  not poss ib le  t o  es- 
t a b l i s h  whether t hese  changes were caused by anoxia due t o  ce reb ra l  dep le t ion  
of blood, o r  postmortem changes i n  t h e  animal. 
arterial  w a l l s  and venous w a l l s  a t  t he  base of t h e  b r a i n  w e r e  not proven t o  
be caused by hemodynamic changes induced by t h e  experimental treatment o r  
a r t i f a c t s ,  and f u r t h e r  i nves t iga t ion  is  necessary.  Among t h e  ce reb ra l  
parenchymatous hemorrhages, t h e  r e l a t ionsh ip  of t h e  s m a l l  hemorrhages a t  the  
medulla oblongata t o  t h e  experimental  treatment i s  not  known, but  t h e  s m a l l  
per ivascular  hemorrhages a t  t h e  hippocampal gyrus and t h e  base of t h e  la teral  
v e n t r i c l e s  can be  considered caused by anoxia due t o  t h e  experimental  treat- 
ment, because they are symmetric and both pos i t i ons  are predi lec ted  places  of 
hemorrhage due t o  anoxia. The changes i n  t h e  nerve cells of t h e  hippocampal 
gyrus and c e r e b e l l a r  Purk in je  cells can be considered caused by anoxia due t o  
t h e  experimental  t reatment ,  because they i n d i c a t e  ischemic changes and these  
nerve cells  are most s e n s i t i v e  t o  anoxia. 

The changes found i n  t h e  

(111) Summary of t h e  Cerebral  Pathology: It is not  clear from t h i s  

The h i s t o l o g i c a l  changes i n  the b r a i n  
experiment whether t h e  morbid changes i n  t h e  b r a i n  o r  any d i r e c t  i n j u r y  were 
caused by c e n t r i f u g a l  acce lera t ion .  
i n d i c a t e  e a r l y  morbid s t ages  due t o  acute  anoxia. 

(2) Experiment 2 (1/29/65) ( I )  Macroscopic Observations: (observa- 
, t i o n  by microscope of ex te rna l  shape and sect ioned su r face  of f r e s h  specimens). 

No hemorrhage w a s  found i n  e i t h e r  t h e  dura o r  p i a  mater, and no mech- 
a n i c a l  i n j u r y  w a s  found on t h e  su r face  of t h e  bra in .  
appeared t o  be anemic, bur no ce reb ra l  edema or  morphological abnormali t ies  
were found i n  any p a r t  of t h e  brain.  

The b r a i n  genera l ly  

The f r o n t a l ,  c e n t r a l  and o c c i p i t a l  
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ce reb ra l  arteries, t h e  b a s i l a r  arteries and each *supe r f i c i a l  branch were 
s l i g h t l y  cons t r ic ted ,  i nd ica t ing  a s l i g h t  degree of ce reb ra l  deple t ion  of 
blood. However, t h e  venous system i n  general  w a s  almost normal, and t h e  
b a s i l a r  ve ins  appeared d i l a t e d  when compared with t h e  con t ro l  case. 

On s e c t i o n  su r faces  ( f r o n t a l  sec t ion)  t h e  border between t h e  cor tex  and 
medulla w a s  clear and n e i t h e r  sof tened f o c i  nor hemorrhagic f o c i  were found; 
the  shape and s i z e  of t h e  lateral  v e n t r i c l e s  and t h e  t h i r d  and fou r th  ven- 
t r i c l e s  were normal. 

Blood marks on s e c t i o n  su r faces  were markedly reduced i n  t h e  o l f ac to ry  
lobe and t h e  ce reb ra l  hemispheres, but  i n  t h e  hippocampus, b a s a l  nucleus o r  
i n t e r b r a i n  and midbrain they were almost normal. By observat ion of enlarged 
p i c tu re s  s l i g h t  vascular  d i l a t i o n  and f r e sh  pe techiae  were found b i l a t e r a l l y  
on t h e  c e n t r a l  region of t h e  hippocampal gyrus. 
w a s  found i n  t h e  c e n t r a l  p a r t  of t h e  cerebellum,but t h e r e  were no hemorrhages. 

D i l a t ion  of s m a l l  vessels 

These f ind ings  are almost t h e  same as i n  t h e  case of experiment 1, but 
the  c e r e b r a l  hematogenous i n j u r i e s  were mild. 
t he  hippocampal gyrus were i d e n t i c a l  t o  those  observed i n  experiment 1 and 
are considered due t o  an anoxia. 

The b i l a t e r a l  pe techiae  i n  

8. Pathologica l  Observations of I n t e r n a l  Organs 

(Murakami and Chiba) 

(1) Methods: Af te r  completion of var ious tests, t h e  body w a s  /67 
immediately d issec ted .  Af te r  careful: macroscopic examination, t i s s u e s  were ' 
f ixed i n  10 percent  formalin,  and p a r a f f i n  sec t ions  w e r e  made as usual .  
s t a i n s ,  elastic f i b e r  s t a i n s ,  collagenous f i b e r  s t a i n ,  r e t i c u l a r  f i b e r  s t a i n s ,  
and polysaccharide s t a i n s  were made and l i p i d s  w e r e  s t a ined  i n  f rozen sec t ions  
(Kawamura-Yasaki method) . 

H E 

(2) Observations: With re ference  t o  t h e  h e a r t ,  macroscopically,  t h e  
r i g h t  v e n t r i c l e  w a s  d i l a t e d  and t h e  i n c i s u r a  of t h e  apex w a s  s l i g h t l y  r a i sed ;  
t he  su r face  w a s  coarse  and t h e  morphology w a s  s l i g h t l y  d i f f e r e n t .  The l a r g e  
and s m a l l  ca rd iac  ve ins  and t h e  r i g h t  r e t roven t r i cu la r  veins  were clear, and 
t h e  myocardium was ycllowish brown. Bis to logica l ly  t;he myocardial fibers 
were coarse,  t h e  nuc le i  darkly colored, t h e  stroma widened with accompanying 
edema and t h e  s m a l l  v e s s e l s  were d i l a t e d  and f i l l e d  wi th  blood; s m a l l  hemor- 
rhages w e r e  occasional ly  found. 

- tun ica  externa w e r e  coarse  and t h e r e  were some spaces. The blood components 
f i l l i n g  t h e  vessels were sepgrated -and-the blood cells w e r e  bfoken. 

' 

The vascular  w a l l s  s i t u a t e d  below t h e  
' 

Macroscopic observat ions of t h e  lungs included t h e  following f indings.  
I n  t h e  f i r s t  case emphysema w a s  found 
margin of t h e  l e f t  lung on t h e  lower margin of t h e  i n t e r l o b a r  i n c i s u r a  and on 
t h e  thorax su r face  s l i g h t l y  higher  than t h e  lower margin of t h e  lower lobe; 

along t h e  apex of t h e  lung t o  t h e  f r o n t  
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the  lower lobe w a s  dark red and hard i n  tex ture .  I n  t h e  r i g h t  lung emphysema 
w a s  found i n  t h e  upper lobe and t h e  apex; upper, middle, and lower lobes were 
hard i n  t e x t u r e  and dark red,  and localized*.emphysema w a s  found on t h e  thorax 
and mediast inal  su r f aces  ,of t h e  lower lobe.  The capaci ty  w a s  small when com- 
pared with t h e  l e f t  lung. 

I n  t h e  second case, emphysema w a s  found on t h e  lower margin of t h e  
lower lobe along t h e  apex t o  t h e  f r o n t  margin up t o  t h e  thorax su r face ,  i n  
both the  l e f t  and r i g h t  lungs,  which were t h i n  t ransparent  and edematous. 
Each pulmonary lobe  was hard i n  texture and severe ly  congested, 

I n  t h e  t h i r d  case the  l e f t  lung exhib i ted  emphysema along t h e  apex t o  
Y t h e  f r o n t  margin, and although t h e  upper and lower lobes were l i g h t  r ed ,  t he re  
, were dark red f o c i ,  t h e  t e x t u r e  w a s  hard,  and loca l i zed  emphysema w a s  found 

on t h e  lower margin of t h e  lower lobe. I n  t h e  r i g h t  lung, emphysema w a s  
found along t h e  apex t o  t h e  f r o n t  margin, along t h e  i n t e r l o b a r  i n c i s u r a  of 
t h e  middle lobe ,  along t h e  immediate lower margin of t h e  i n t e r l o b a r  incesura  
of t h e  lower lobe and loca l i zed  on t h e  mediast inal  sur face ;  t h e  lung w a s  l i g h t  
red i n  general ,  but  t h e r e  was  a p lace  showing a wedge-like dark red area i n  
t h e  lower lobe.  H i s to log ica l ly  t h e r e  were s l i g h t  d i f f e rences  i n  t h e  upper, 
middle and lower lobes.  

Summarizing observat ions of t hese  t h r e e  cases gives  us t h e  following 
p ic ture .  The mucosal c i l i a  of t h e  l a r g e  bronchi w e r e  unc lear ,  t h e  e p i t h e l i a l  
cells w e r e  small, t h e  n u c l e i  were dark ly  colored and t h e  muscle f i b e r s  of t he  
w a l l  w e r e  coarse. 
basa l  membrane. 
o r  w a s  adenomatous and inverted.  The mucosal e p i t h e l i a l  cells  ad jo in ing  t h e  
acinous a lveo la r  septum and a l v e o l i  w e r e  i n f l a t e d ,  and t h e  inner  c a v i t i e s  
of some of them were occuluded. I n  some of t he  branched bronchi red blood 
cells o r  denuded mucosal epi thel ium w e r e  found i n  t h e  tubular  cavi ty .  A s  
f o r  t h e  blood vessels, t h e  inner  cavi ty  of t h e  l a r g e  ves se l s  had become 
hollow and narrow; t h e  endo the l i a l  c e l l s  were dark and vacuoles were found 
as w e l l  as v i t r i f i c a t i o n  of muscle f i b e r s  and t h e  formation of spaces due t o  
shrinkage. I n  t h e  inner  membranes broken blood cells were agglu t ina ted ,  or i n  
some cases t h e  blood components i n  t h e  blood v e s s e l s  had separated.  
of t h e  r e l a t i v e l y  pe r iphe ra l  ves se l s  contained l a r g e  q u a n t i t i e s  of blood 
cells, and i n  some cases the  inner  membrane had become pap i l i a ry  and incras-  
s a t ed  inward. 

IA one case the  mucosal epi thel ium w a s  detached from t h e  
I n  the  r e l a t i v e l y  pe r iphe ra l  bronchi t he  mucosa w a s  i n f l a t e d ,  

Some 

The pulmonary t i s s u e s  genera l ly  show t h e  following t h r e e  h i s t o l o g i c a l  
changes. 
t h e  a l v e o l i  had become s m a l l ,  accompanying severe  congestion of t h e  blood o r ,  
because of congestion t h e  a lveolar  epi thel ium 
some p laces  a loca l i zed  condi t ion of airless lungs w a s  seen,  and t h e  pulmon- 
ary t i s s u e s  w e r e  accompanied by progressive hemorrhages. I n  some p laces  t h e  
margins were ischemic with edema, and t h e  a l v e o l i  l a r g e l y  d i l a t e d  o r  shrunk; 
the  d i l a t e d  a lveol i  adhered t o  one another resembling cys ts .  
consis ted of a l l  these  ind iv idua l  f e a t u r e s  va r ious ly  intermixed. 

I n  some p lace  t h e  pulmonary a c i n i  a t  t h e  center  w e r e  oppressed and 

accumulated i n  a lump. I n  

The changes 
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Examination of t h e  stomach showed macroscopically t h a t  t h e  ca rd ia  w a s  
cont rac ted ,  and t h e  muscle l a y e r  w a s  th ick .  However, h i s t o l o g i c a l l y  t h e  
mucosal e p i t h e l i a l  cel ls  w e r e  a t roph ic ,  t he  muscle f i b e r s  w e r e  very  f i n e  
and t h e  s m a l l  i n t e r s t i t i a l  v e s s e l s  w e r e  d i l a t e d .  
congestion of blood i n  t h e  head i n  some cases, bu t  gene ra l ly  it d id  not  show 
any marked changes i n  p a r t i c u l a r .  H i s to log ica l ly  t h e  s t r u c t u r e  w a s  coarse ,  
t he  f o l l i c l e s  were a t roph ic  and t h e  sp leen  pulp w a s  coarse ,  bu t  t h e  s i n u s  w a s  
d i l a t e d  and numerous blood cells were found. Rec t i cu la r  cells had increased  
i n  t h e  blastema cen te r  of t h e  f o l l i c l e s  i n  some cases, and t h e r e  were some 
cases  where s m a l l  hemorrhages w e r e  found i n  t h e  tun ic .  The sp leen  t i s s u e s  
fac ing  t h e  i n t e r n a l  organs lacked blood, compared wi th  t h e  sp leen  t i s s u e s  
f ac ing  t h e  back. 

The sp leen  showed seve re  

The l i v e r  d id  not  show any special morbid changes i n  appearance. H i s -  
t o l o g i c a l l y  
t h e  c e l l u l a r  f u n i c u l i  w e r e  unc lear ,  and t h e  cells w e r e  lumpy i n  p laces .  
The c e n t r a l  ve ins  were d i l a t e d  and many blood cells were seen i n  some cases. 
The p o r t a l  branches w e r e  t o rn  and hemorrhages had occurred i n  some cases.  . 
I n  t h e  kidney no s p e c i a l  changes w e r e  observed macroscopically,  except 
opac i ty  and congestion of blood. H i s to log ica l ly ,  however, t h e  glomerul i  
w e r e  l a r g e  and Henle's loops were clear and f i l l e d  wi th  numerous blood cells;  
i n  one area blood c e l l s  were found only i n  Bowman's capsule.  
u r e t e r  had severe ly  d e t e r i o r a t e d  and v i t r i o u s  substances had formed i n  t h e  
inne r  cavi ty .  Macroscopically t h e  adrena l  gland i n  a l l  cases w a s  t h e  s i z e  
of a soy bean, yellow, wi th  an enlarged cor tex ,  and i n  some cases with s m a l l  
hemorrhages i n  t h e  cortex.  H i s to log ica l ly  t h e  g lobular  cells w e r e  a t roph ic ,  
but  t h e  f a s c i c u l a r  cells  enlarged,  and i n  some cases s m a l l  hemorrhages were 
found i n  t h e  f a s c i c u l a r  zone. I n  t h e  pancreas no abnormali t ies  were found 
macroscopically,  bu t  h i s t o l o g i c a l l y  the  zymogen granules  occluding t h e  i n n e r  
cav i ty  of t h e  a c i n i  were extremely s m a l l  and few i n  number. I n  some cases 
s m a l l  i n t e r s t i t i a l  vessels were expanded and f i l l e d  with blood cells; s m a l l  
hemorrhages w e r e  found i n  the  stroma. I n  t h e  arteries no marked changes w e r e  
found macroscopically,  bu t  h i s t o l o g i c a l l y  a few broken red blood cells were 
a t tached  t o  the membrane, and atrophy o r  expansion of t h e  i n t i m a l  cells /68 
and formation of spaces i n  t h e  muscle f i b e r s  of t h e  media were observed. 

t h e  lobu le s  w e r e  clear, bur t h e  h e p a t i c  cells were a t roph ic ,  

The s m a l l  

(3) Discussion from t h e  Pa thologica l  Poin t  of V i e w  of t h e  I n t e r n a l  
Organs: 
acce le ra t ion  fo rces  cons is ted  of vascular  changes caused by abnormal-blood 
flow and i t s  subsequent changes. I n  o ther  words, when an acce le ra t ion  fo rce  
is added t o  a l i v i n g  organism, t h e  vascular  balance of t h e  blood pressure  is 
l o s t ,  thus  damaging the  vascular  r e s i l i e n c e  maintained by t h e  balanced pres- 
s u r e ,  and t h e  pe r iphe ra l  ves se l s  show deple t ion  of blood. 
t he  blood flow inf luenced by t h e  c e n t r i f u g a l  f o r c e  runs along t h e  lower 
s i d e  of t h e  blood v e s s e l s ,  thus  causing a separa t ion  of t h e  blood components 
due t o  temporary s topping o r  delay of t h e  blood flow o r  blood cells are broken 
and metabolic abnormali t ies  occur, causing t h e  adhesion of the broken cells 
t o  t h e  i n t i m a l  membrane. This  observat ion w a s  proven by s tudying t h e  l a r g e  
vascular  branches i n  t h e  a o r t a  and pulmonary system. 

Morphologic changes observed i i n  a l i v i n g  organism subjec ted  t o  sudden-;- 
--- 

W e  be l i eve  t h a t  
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Although few aggregated blood cells were found i n  t h e  lumen of t h e  ao r t a ,  
abnormal blood cells w e r e  a t tached t o  t h e  in t ima l  membrane, t h e  cells i n  t h e  
in t ima l  membrane w e r e  f l a t t e n e d ,  and vacuol iza t ion  had occurred. There w a s  
cessa t ion  o r  l o s s  of s t r u c t u r e  and t h a t  of t h e  medial and a d v e n t i t i a l  mem- 
branes w a s  d i s turbed ,  t h e  muscle f i b e r s  being extremely a t rophic ;  s m a l l  
spaces had formed. The vascular  w a l l s  i n  t h e  pulmonary system had expanded, 
and occlusion,  s t e n o s i s ,  and expansion of t h e  lumens were found. The occlu- 
ded o r  s t e n o t i c  ves se l s  contained i n  t h e i r  lumens separa ted  blood components, 
and t h e  blood had deviated s l i g h t l y  t o  one s ide .  The broken red blood cells 
were at tached t o  t h e  i n t i m a l  membrane here  and the re ,  t h e  in t ima l  membrane 
c e l l s  were f l a t t e n e d  o r  i n f l a t e d ,  and below t h i s ,  vacuol iza t ion  occurred and 
f i b e r s  were disordered i n  t h e  medial and a d v e n t i t i a l  membranes, spaces had 
formed and polypous inc ras sa t ions  of t h e  int ima caused by t h e  loss  of pres -  
s u r e  balance were found. 
and contained no blood a t  a l l ,  t h e i r  w a l l s  w e r e  t h i n ,  t h e  muscle f i b e r s  were 
a t rophic ,  and s m a l l  spaces had formed. 

'-- 

I n  t h e  case of l a rge  ves se l s  t h a t  were d i l a t e d  

The pulmonary system developed c i r cu la to ry  d isorders  influenced by t h e  

The 
vascular  changes described above, and var ious morbid changes w e r e  fur thered  
by t h e  dis turbances of t h e  i n t e r n a l  pulmonary pressure  and r e sp i r a t ion .  
place considered t o  be more o r  less i n  t h e  center  of t h e  pulmonary system 
and t h e  pulmonary a c i n i  a jacent  t o  l a r g e  bronchi o r  l a rge  vessels became 
s m a l l ,  but t h e  a l v e o l i  w e r e  clear and i n  a contracted state accompanying t h e  
congestion of t h e  blood; these  would a t  l a s t  become airless lungs i f  these  
condi t ions of morbid changes continued. Now these  morbid changes were 
loca l ized ,  and t h e  a lveolar  epi thel ium had accumulated, accompanying t h e  con- 
gest ion of  t h e  blood. 
apex, f r o n t  margin and lower margin, t h e  a l v e o l i  were abnormally expanded and 
w e r e  depleted of blood, o r  t h e  a l v e o l i  were depleted of blood because of i t s  
cont rac t ion  and w e r e  edematous. This is  due t o  a c i r cu la to ry  d i so rde r ,  but  
i n  t h e  case of expanded a l v e o l i  adher ing . to  each o ther  and changing i n t o  
cyst- l ike formations w e  be l i eve  some re sp i r a to ry .d i so rde r  may have had a 
s l i g h t  i n f  h e n c e .  

I n  t h e  case of emphysema loca l i zed  at t h e  pulmonary 

A s  f a r  as the  morbid changes of t h e  bronchi are concerned, t h e  mucosa 
w a s  peeled from t h e  b a s a l  membrane and t h e  vascular  w a l l s  became very t h i n  
where t h e  branches w e r e  r e l a t i v e l y  l a rge .  
t h e  mucosal e p i t h e l i a l  cells w e r e  expanded. 
t h e  bronchi and a l v e o l i ,  t h e  inner  cavities w e r e  occluded i n  places .  
proves t h a t  t h e  bronchi are a l s o  influenced by t h e  addi t ion  of acce le ra t ing  
forces .  
entered t h e  bronchi when t h e  a lveo la r  c a p i l l a r y  vessels broke. This  can be 
es tab l i shed  by t h e  f a c t  t h a t  i n  t h e  t h i r d  case hemorrhage occurred i n  t h e  
o r a l  cav i ty  and blood w a s  found on t h e  abdominal coat.  As f a r  as t h e  organs 
are concerned, t h e  t u n i c  became t h i n  i n  a l l  cases, and a l i t t l e  space ap- 
peared between t h e  t u n i c  and t issue-- this  phenomenon is  probably t h e  e f f e c t  
of t h e  acce le ra t ing  force.  A similar i n t e r p r e t a t i o n  can be made where s m a l l  
ve s se l s  i n  t h e . t u n i c  expanded, o r  t o r e  and l i t t l e  hemorrhages were found. 
The f a c t  t h a t  t h e  pe r iphe ra l  ves se l s  i n  t h e  organs showed dep le t ion  of 
blood w a s  proven h i s t o l o g i c a l l y ,  and t h i s  observat ion was  v e r i f i e d  by t h e  
r e s u l t s  i n  t h e  spleen,  l iver and kidney. 

Approaching t h e  pe r iphe ra l  region,  
A t  t h e  t r a n s i t i o n  poin t  between 

This 

Blood cells were found loca l ized  i n  t h e  bronchi; they probably 
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9. Conclusions 

The most d i f f i c u l t  t h ing  i n  an a t t e m p t  of t h i s  kind of work was  t h e  
They have t h e i r  own problems t o  pursue adjustment of t i m e  f o r  each researcher .  

and had d i f f i c u l t y  i n  f i t t i n g  i n  t h e  t i m e  f o r  t h i s  work. However, when t h e  
d i r e c t i o n  of t h e  inves t iga t ion  and i t s  s p e c i f i c  methods are s tudied  i n  advance 
and day, t i m e  and d u t i e s  are scheduled properly,  t h e  work can be performed 
q u i t e  smoothly. 

When t h e  purpose and methods of t h e  research are discussed and t h e  
r e s u l t s  are s tudied ,  each researcher  has an opportunity t o  l i s ten  t o  t h e  
opinions of specialists i n  var ious  f i e l d s ,  thus en larg ing  h i s  i n s i g h t  and in- 
creasing h i s  i n t ima te  r e l a t ionsh ip  as a man. 
ment, it seems t h a t  many advantages exis t  i n  t h i s  approach. A l l  members are 
t r y i n g  t o  develop t h i s  approach by planning more of t h i s  type of experiment 
fo r  t h e  fu ture .  

Aside from t h e  academic achieve- 
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